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Introduction

In wireless communications the received signal can
be affected by both short-term fading and long-term fading
(shadowing). The short-term fading is a phenomenon
which is the result of multipath propagation, while the
shadowing is the result of the existence of large obstacles
between transmitter and receiver. Above mentioned
impairments in transmission can be mitigated using
diversity techniques at single base station (microdiversity)
and signal processing from multiple base stations
(macrodiversity), simultaneously. In [1], the average
power, which is random variable due to shadowing, is
modeled using gamma distribution. A fading envelope is
described by Rayleigh distribution. The Rayleigh
distribution can be used to model only multipath fading
with no direct line-of-sight (LOS) path. In most of
published papers, it is used to describe interference signal
envelope [2]. The Nakagami-m distribution has gained
widespread application in modeling of physical fading
radio channels. The primary justification of the use of
Nakagami-m fading model is its good fit to empirical
fading data. It is versatile and through its parameter m, we
can model signal fading conditions that range from severe
to moderate, to light fading or no fading. It includes the
one-sided Gaussian distribution (m=0.5) and the Rayleigh
distribution (m=1) as special cases. A composite analytical
model assuming Nakagami-m density function for the
envelope of the received signal and gamma density
function for modeling the average power to account for
shadowing can describe the shadowed fading channels [3-
6].

In [6], the expression for the error probability
following micro- and macrodiversity processing with
maximal ratio combining (MRC) at the micro level and
selection combining (SC) at the macro level is determined.
A BPSK transmission is considered. The model assumed a
Nakagami-m density function for the envelope of the
received signal while using a correlated gamma density
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function to model the average power to account for the
shadowing.

In paper [7], an application of the microdiversity with
L correlated branches in Nakagami-m fading is considered.
A post-detection product detector combiner (PDC) was
applied as much easier for the implementation than a pre-
detection MRC, while the performances of the receiver are
not significantly impaired this way (showing limited losses
in performances).

In this paper, we determine a closed form expression
for the error probability following micro- and
macrodiversity processing with an L branch PDC at the
micro level and SC with two branches (dual diversity) at
the macro level. We consider the 2-DPSK (differential
phase-shift keying) signaling scheme. The model assumes
Nakagami-m density function for the envelope of the
received signal while using a gamma density function to
model the average power to account for the shadowing.
The effect of the correlation between the signals at two
base stations is also investigated, while the channels of a
single base station are assumed uncorrelated (separation
between antennas is on the order of one half of a
wavelength).

System model
In Fig. 1, the system model used in this paper is

presented. The signal at the k-th receiver antenna of the i-th
base station can be written as

e () = Ryge? P sy () + my (1),
k=1.,L [=12 i=12,

M

where s; (t) represents the transmitted signal. At the g-th
bit interval it can take value sl(t)= g(t—qT )ej % or
sz(t)=g(t—qT )ej (do-+7) where g(f) is an unit energy

pulse and 7 is a bit interval. ny (¢) denotes an additive



white Gaussian noise (AWGN) in the k-th branch of the i-
th base station, which is assumed statistically independent
in each branch, with one sided power spectral density .
The fading phase shift is denoted as ¢; and R; is the

fading amplitude which follows Nakagami-m probability
density function (pdf) [7].

After matched filtering the signal on each branch, the
post detection takes the unweighted sum of the outputs of
the L differential products. Its decision variable in each
base station, which is tested for being positive or negative,
can be expressed as

L

2

Z; = Re{ (R,-ke-f¢ik +Nl~k2XRl-ke_j¢fk +N;';d)}, i=1,2. (2)

The AWGN components at the output of the matched
filters in two consecutive bit intervals are presented as
Ni, and Ny, .

The instantaneous signal-to-noise ratio (SNR) per bit
in each base station y;, at the output of the post-detection
PDC, can be written as

detector in the k-th branch at the i-th base station and can

be also presented as yy :R,%{T /(ZNO). The pdf of yy
follows the Gamma distribution

(m/yik)m m—1 [ myik
—~—Vik CXp|———
F(m) * Vik

In Eq. (4), I'(") is the Gamma function [8]. The input
average SNR for the 4-th branch at the i-th base station is
denoted as y; and can be expressed by

yir =QuT/(2Ny), where Q;; = <Rl%€> is the mean square

Py k)= j Yk 20 (4)

value of Ry and m > 0.5 is the fading severity.

The average powers at two base stations are related to
the random parameters y; (i=1,2), signifying the existence
of the shadowing. In practice, shadowing has a larger
correlation distance and it is difficult to ensure that base
stations operate independently, especially in microcellular
systems. This means that y; and y, are correlated. As
selection combining is applied at the macro level, the
output of this processing is

L
Zy,y >
Yi= 2Vik > (3) Zo:{ L1~ ), 5)
k=1 23,12 y;.
where y; is the instantaneous SNR at the input of the
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Fig. 1. The system model
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Evaluation of the error probability

We can describe the performed derivation starting
from the implementation of the diversity at the single base
station (microdiversity). We treat L branches to be
identical and independent. The conditional error
probability of the SNR following the post-detection PDC
[7] can be presented as

Pe, :(1+&j ! Hclzl:Hm(l—r) S H,(r-p)
' m =0 =0 p=0
X _ wfm ) (6)
;Hm(a) q)H"’(q)(1+yi/mJ’
where it is:
1 K -y
DTRLT A L1 @
H,p,(h)=T(m + h)/(C(m)C(h+1)). (8)

In this work, a dual diversity scheme will be
considered for the implementation of the macrodiversity. If
v and y; are identically gamma distributed, the joint pdf of
1 and y, can be expressed as

p—%(c—l)
TN e\
T o)

X

T (ys) = )y

N exp[_ Yty ]Ll VAP WY, ©)
yo(l_p) yo(l_p) ’

where p is the correlation between y; and y,, ¢ is the order
of gamma distribution, y is related to the average power of
yyand y, and I,_;(-) is the modified Bessel function of the

first kind of the order (c-1) [8]. After the diversity

combining at the micro and macro level, the error
probability can be obtained from (6) and (9) as
+00 V1
P,= [ dy fdJ’2P€\y1f(y1,y2)+
0 0
+ y
(dvs | (10)

+ [dy, jdylpe\yzf()ﬁ,h)-
00

It is now possible to simplify Eq.(10) using a series
expansion of the modified Bessel function [8] as

Iv(”):

+o0 1 2k+v
,EO T(k+1)0(v +k + 1)\5] - ab

After putting the obtained expression in convenient
form and using identities [8]:

u 400
P le ¥ dy=e Y —
i Z o+ h)

p+k
- (12)
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+00
| e P8 (14 ax) ™V dx
0

= a_gF(g)‘I’(g,g +1-v; p/a),

when Re{g} > 0,Re{p}> 0,Refla}>0,yeC  (13)

one can obtain the closed form expression for the error
probability

c+l

Yo

+0 k

ST (k+1) (c+k)( o (1-p))

i( ) Zc,
= (c+v+k)

=0

1 2}

(1 rZOH r—p)- 2 H,(0—q)x

q=0
L-1

xH, (q)m* T (2c+ek+ j+1)x

X

r=0

XY 20+2k+j+l,20+2k+j+1—Lm;2—m , (14)
yo(l_p)

where (-,
function [8].

In Fig. 2, the dependence of the error probability on
the average SNR for the suggested diversity system,
obtained from Eq. (14), is presented.

; -) represents the confluent hypergeometric

¥,(dB)
Fig. 2. Error probability as a function of yy

The parameters are the number of microdiversity
branches L, the correlation coefficient of the
macrodiversity branches p and the fading severity m. As it
is known, the increase of the number of branches causes
the error probability to decline, while the increase of the
correlation coefficient impairs the performances of the
system. Also, system performance improves as severity of
fading decreases (i.e. m increases). Fig. 2 confirms that the
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